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In R&D most work structures are team-based as this helps to solve creativity demanding problems and to stimulate innovation. A potential benefit of diversity regarding teamwork in R&D such as differences in education, national background, age or gender is still a research topic that is not fully explored.
The human resources development of female experts and executives in R&D gains rising importance as a critical success factor. In many cases the CEO of a high technology company is the former head of the R&D department (Hartmann 2007 (Hartmann , 2009 . Looking e. g. at the automotive industry, these individuals were often pioneers with excellent expertise. Within the high technology industry an important indicator for R&D success is expressed in the number of inventions and patents. In Germany and in all European member states women are not as often mentioned as inventors on a European patent as their share of the qualified workforce would indicate. A pronounced gap exists as e. g in Germany about 6% of the inventors of European patents were female whereas about 12% of the qualified personnel (engineers and researchers) were female in 2003 (European Commission, 2006a , Busolt & Kugele, 2009 ). This gap is a result of a still dominant responsibility of women for family duties, a lower rate of overtime work and more part time work. Moreover women might tend to leave the R&D department earlier than men do as the possibility to combine family duties with a less challenging job in other departments as e. g. quality management or sales might seem more achievable. The latter departments rarely offer any possibilities to generate inventions. Disregarding the detailed reasons why women do not generate as many inventions as their share of the qualified personnel demands, we can state that qualified women represent the largest and most obvious potential to gain sustainable innovative power.
Some studies conclude that gender heterogeneous teams perform better than homogeneous teams as the team members have different ideas and perspectives (Frink, Robinson & Reithel 2003; Hirschfeld, Jordan, Field, Giles & Armenakis, 2005) . Other studies indicate a source of friction and a therefore minor performance of gender heterogeneous teams (Jehn, 1995; Pelled, Eisenhardt & Xin, 1999; Randel, 2002) . Most studies have forcibly compared homogeneous male teams with gender heterogeneous teams as women are still a minority in R&D (e.g. Burris, 2001) . Being aware of this methodological drawback, Pearsall et al. conducted their study by assigning students to foursome teams (Pearsall, Ellis & Evans, 2008) . The analysis of the functioning and the performance of homogeneous female teams in R&D is an important aspect on the way to tap the full potential of women in R&D. This is the only constellation in which women might experiment and perform in their own way of teamwork. The results reflect the view of women and lead to valuable improvement recommendations for companies in order to gain higher performing teams (Schone et al, 2011) . Furthermore the working conditions are different for a product development department, where narrower deadlines and high pressure for the achievement of objectives are dominant, and for a fundamental research department where more creativity, lateral thinking and rethinking of old beliefs are tolerated (Schone, 2009) . Moreover the measurement of R&D team performance, i. e. creativity, innovation power, efficiency and net output by means of indictors is difficult. The performance of university scientists is measured by their scientific output, i. e. scientific publications (e. g. Martín-Sempere, ReyRocha & Garzón-García, 2002 ). The industry is more interested in the innovative productivity and patents are needed to protect inventions. The number of patent applications is an indicator for the successful inventive achievement of individual researchers in science and technology. Patents, especially if they are not limited to only one country but include more countries as e. g. European patents do, are therefore an output indicator for R&D teams in industry (Busolt & Kugele, 2009) . Nevertheless patents have the drawback that they do not differentiate regarding the effort and the creativity of the inventor team and it is therefore barely possible to assess the "real" value of a specific patent. Previous knowledge of the inventors as well as earnings from the products based on the patent is not observable.
Study methodology
In our study, we focused, among others, on the knowledge management of male and female inventors in the R&D industry. We observed that a number of highly qualified female researchers drift off their professional field of research during their professional career. How come those highly qualified female researchers seek positions outside their professional expertise and follow jobs in marketing, public relations etc. instead of research? What can be done to preserve the knowledge of these female researchers within the organization? A further research question was: what is the impact on innovation of homogeneous gender teams versus heterogeneous gender teams? The knowledge transfer and its influence on their respective innovative power were investigated as well as knowledge transfer patterns and communication structures. The questions that arise are how to improve the sustainability of knowledge within an organization on the one hand and to find out if inventor teams benefit from diversity within the team on the other hand.
Inventor teams work together for a limited period of time to generate a solution to a specific problem. Therefore they represent ideal conditions for the investigation of team work. In the German industry, there are only a limited number of homogeneous female inventor teams. However few, this allows a comparison between homogeneous female teams, homogeneous male teams and heterogeneous teams. We classify teams as successful when they comprise of inventors who have been granted a European patent, without further assessment of the actual patent value.
We concentrate on the specific determinants of gender impact on R&D inventions in the German industry. Hereby, our main research questions affect the four subgroups: The data base includes the inventor's name, home address (as appearing on the patent application), company or institution and industry branch as well as the differentiation in which team constellation the patent was created.
Our study was conducted in three parts: a statistical analysis of the European patent database, a qualitative interview phase in order to gain insight into the innovation environments and to generate first hypotheses, and a quantitative online survey to verify and deepen our findings.
In the qualitative phase, 21 expert interviews with male and female inventors were conducted. The percentage of interviewees from each of the four target groups described above is distributed evenly. The interview participants have applied for at least one industry patent which was created within a team consisting of at least two inventors.
Our research interest during these interviews focuses on team work, innovative and organizational environment, communication structures and knowledge transfer impacting on the innovation-and patent creation processes.
Based on the hypotheses generated from these expert interviews a quantitative online survey served to verify our findings. A total of 357 inventors participated in this survey. Since the number of homogeneous female inventor teams is rather limited (approx. 300 European patents in Germany within the past 10 years) and a significant amount of those patents can be found in chemistry, pharmacy and medical equipment, our focus for the quantitative research lies on these industry sectors in order to guarantee an equal distribution of participants between the four team constellations (homogeneous female inventor teams, homogeneous male inventor teams, heterogeneous gender balanced inventor teams, heterogeneous male dominated inventor teams).
Statistical analysis of the European patent database
For over 40 years, the European Patent Organization has been in charge of granting and tracking the patents that have been applied for in Europe. In our study, we analyzed the European patents over the last 10 years according to their technological fields, economic sectors and the gender of the inventors. The aim was to figure out the appearance of female researchers in patenting as base for our research. The analysis of the patent database included the following major steps:
Institutional sector allocation
Patents are applied by industrial companies, universities, research institutions or individual inventors, but can also be applied in cooperation between these actors. Thus, data concerning R&D personnel are usually broken down by institutional sector. The patent database provides the name, country and address, but not the institutional sector of the applicants. To assign patent applicants/inventors to institutional sectors an institutional sector allocation was performed.
Inventor's first name gender assignment
Patent databases of the European Patent Organization do not provide the gender of the inventors. Therefore, an assignment of the inventor's first names to either male or female gender is a necessary precondition to obtain gender disaggregated statistics. First name gender assignment of a large number of names from different countries required a complex, multistep procedure to reach the best results. About 93% of all European names were identified as either male or female with variations between 81% and 100% for the European Member States.
Assignment of patents and inventors to technology fields
An International Patent Classification (IPC), a system of 31 technical units and eight sectors, was developed by the World Intellectual Property Organization. Patent data in the database were treated at the subclass level of the International Patent Classification; thus only the first four digits of the IPC were used for breakdown and aggregation.
Assignment of patents and inventors to economic sectors
Patent and inventor statistics, which usually are presented by technology fields (IPC), do not easily match with data on personnel in R&D, which for the business enterprise sector are usually broken down by economic sectors (NACE). In consequence, one cannot compare data of inventors with data of researchers easily (output-input comparison) without further data transformation from technology fields (IPC) into economic (industrial) sectors (NACE). Hence, methods have been applied to match IPC based technology fields to industrial sectors. As a result, technology fields are shared between industrial sectors.
Qualitative expert interviews
In the course of the expert interviews with the inventors the problem-centered interview (Wintzel, 1996) has been applied, a theory-generating method ranging between the narrative interview style and structurally guide lined interview. This semi-structured approach allows the experts (interviewees) to share knowledge based on their very own value system within the structural and content boundaries of the research focus.
The interview comprised a warm-up phase including the interviewee's general characteristics, such as professional career and current job position. Furthermore, the description of the specific innovation settings and knowledge transfer of the granted patent is split into an organizational-, team-and individual level with focus on the inventor's perceptions of team work, innovation-and efficiency determinants.
The whole interview has been recorded and subsequently transcribed. Additionally, a postscript of the interview has been generated, in which situation-dependent and nonverbal aspects, interpretation ideas and special characteristics of the interview have been noted.
A summarized and anonymized case description serves as a basis to consolidate the data and investigate central motives in order to generate theory. The interpretation of the data is intended to maintain its explorative, qualitative approach and is not intended to conclude quantitative, generalizing statements. It was, however, the goal to develop first hypotheses to be further tested, verified and developed with the subsequent quantitative online survey among a larger group of participants.
Online survey
As stated above, the online survey served to test, verify and further develop the hypotheses generated from the qualitative expert interviews. The content of the 35-question survey includes a general section on the innovators' characteristics, such as professional education, career and family situation. This is followed by a generalized section on the participants' own opinion on organizational-, team-and individual influencing factors on the knowledge transfer, innovation culture and efficiency determinants within their R&D environment. Finally, the survey explores the innovation environment of one specific patent in its development and accompanying team processes. The survey questions have been answered in full by 310 inventors, representing team members of the four different inventor team constellations.
Do we sufficiently tap our inventors' knowledge?
Analyzing the European patent database, we found that there is a tremendous gap between the headcount of female researchers and scientists in R&D versus the headcount of female inventors. Exemplarily, the figure below shows the 
The organizational need to nurture
The following section explains how to retain highly educated and experienced researchers within the organization in the long run. It discusses the obstacles and hurdles researchers are confronted with during their professional career, particularly with regard to workfamily balance.
Especially female researchers are confronted with major life changes when they decide to start a family. Our study on the patenting-and inventing behavior of researchers shows that if organizational conditions within a R&D environment are managed badly, the inventors often cannot work according to their optimum level and are not able to use their innovative power sufficiently. The consequences of both, good and bad organizational management are revealed in this section. Furthermore, methods to optimize the researchers' conditions within the R&D department are suggested.
The communication of innovation
Our study revealed that in organizations with more than 1000 employees, there were not only a higher proportion of women in R&D departments, but also innovation systems that have more transparency, networking and support of the individual researcher. In smaller www.intechopen.com Sustainable DevelopmentPolicy and Urban Development -Tourism, Life Science, Management and Environment 260 organization of the sample, in contrast, structural measures to increase innovation are hardly existent. However, as stated by the respondents, researchers in smaller organizations have more freedom for research and creativity.
The evaluation of our expert interviews leads to two hypotheses in this specific context that are further explored in the quantitative online survey of the study. In order to establish a base for communication and knowledge transfer, the following findings of the expert interviews are further assessed.
A female researcher (heterogeneous gender balanced team) describes the situation in her company as follows: the employees in research feel well connected. There is a good working atmosphere. Networking and communication takes place as well on a formal (regular project meetings, information from the company) as on an informal level (meeting beyond working hours, spontaneous discussions, e-networking i.e. Xing). Due to the regular presentation of projects within the research department (2 hours every 2 weeks) the employees are well informed about other team projects. These meetings are also attended by part-time employees (from engineer level up).
A male scientist (homogenous male team) states that he summons a weekly meeting but apart from that a lot of spontaneous informal communication takes place in order to exchange knowledge. For this reason a personal network within the team and department is extremely important and stimulated by personal commitment.
Another female researcher (homogenous female team) describes a distinct, formalized communication system in order to encourage knowledge transfer within the company she is working for: Weekly division meetings, weekly group meetings, weekly discussion between employer and employee "jour fixe", telephone conferences and meetings of the project teams (2-3 times per year). One male researcher (heterogeneous male dominated team) found it especially fruitful when theoretically oriented scientists discuss problems with practically oriented engineers and technicians. When sitting at a table together with different ways of thinking often ideas arise and thus these meetings might become quite productive. Regular team meetings also with experts from outside the project team should therefore be held regularly in order to generate knowledge.
In this context we learned from another interviewee (homogenous female team) that inventor teams are often composed of members from different project teams -"inventions happen". According to the problem at hand an experts is called in from outside the team. The inventor team might be a subgroup of the bigger project team but its team members often originate from different departments. The average size of inventor teams is about 2-3 researchers, depending on the industrial sector. While the constellation of a project team is created for long-term teamwork (typically for at least the duration of one project, but also for several follow up projects) and is frequently determined by the organizational management, the composition of an inventor team underlies spontaneous characteristics, in most cases issued by the inventors themselves: an "ad hoc team" is created to perform one specific task or to solve one specific problem. Once the task is completed and a patent application is filled in, the ad hoc team breaks up back into its assigned different project groups. Obviously the inventor team is not identical with the project team in most cases.
In summary it can be said, therefore, that for one thing networking, social processes and spontaneous discussions are crucial for effective knowledge transfer. For another thing formal communication structures as provided in regular meetings and presentations are equally important.
Results of the online survey regarding communication and knowledge transfer:
Having in mind what information has been given within the expert interviews regarding the importance of regular internal meetings with inventors and presentation of new inventions the answers to the online survey surprise: 72% of the researchers state that regular meetings of inventors within their organization and presentation of new inventions are not offered. Could this be an omission on the part of the organizations to stimulate the sharing of knowledge? On the other hand 77% of the researchers often (partially) make use of the freedom and tolerance for networking and informal communication during their working hours.
Corresponding to this only 47% of the respondents state that institutionalized meetings with participants during the invention process are (very) important to them. A different picture can be seen concerning the spontaneous possibility to discuss with participants (during the Likewise our result from the expert interviews concerning the consulting of external "knowledge" is confirmed by the participants of the online survey: Approximately 50% of the researchers state that experts from outside the project team have been consulted during the invention process mostly because of the known professional competence and former cooperation. In most cases, this knowledge was gained by informal communication and networking "in the aisles": Researchers knew about competences of colleagues from other projects, asked them for support and later on developed the innovation and patent together. Therefore the inventor team is frequently composed differently from the actual project team (figure 2).
The participation of female inventors in communication and knowledge transfer
A female researcher (heterogeneous gender balanced team) concludes in the expert interviews that part-time work is difficult to organize: in general she handles the operative workload during the day. Time for invention needs calmness which she has at the end of the day. The company she works for offers part-time work as well as the co-financing of a daycare centre. As these options are quite recent she has only one child in order to arrange family and career.
Inventions and patents are frequently realized by overtime as the priorities during normal work hours focus on project work. Part time employees have less time flexibility (e.g. due to fixed child care hours) and thus have less time for creative brainstorming. For part time employees, it is therefore more difficult to actively participate in the innovation process. Accordingly a male researcher (heterogeneous male-dominated team) quotes that working part-time in his team is hardly possible as much is discussed informally and spontaneously. During one year of parental leave, of course, much is missed. On the other hand technicians are used to quick changes of the market and thus have the ability to adjust. In his opinion the team only has a short-term knowledge advantage. The compensation of the returner's knowledge deficit is a question of team spirit. He states that the perfect time for returning to work is the start of a new project which is new for all participants.
There was one best practice example, however, a female scientist (homogeneous female team) describing the perfect organization in which it seems possible to work as a part-time executive in R&D and have children at the same time. All members of the inventor team, including the head of the department herself, were part-time employees. Thanks to outstanding support systems within her company this female scientist states that overtime remains the exception. Even when patenting strongly it is possible for her to work part-time. In her opinion this is the result of the following factors: specific corporate culture, support through a patenting department, assistance within and between departments, arrangements for work-life balance, child care and social counseling within the organization. This observation leads to the assumption that the innovative capability of part-time employees is deeply affected by the organization's management competences.
Another female inventor (homogeneous female team) has changed from R&D to part-time consulting for lobby work after having a child. Being head of a team requires commitment and availability within the organization which in her opinion is not compatible with working part-time.
A similar view is held by a female respondent (heterogeneous gender balanced team) who claims that especially in innovative research industries it is most problematic to arrange children and career and not easy to find the perfect time to have children. As a consequence of this conflict she believes that professional paths diverge.
In summarizing it can be stated that male and female inventors show similar innovative potential in the beginning of their professional career. Both typically start their career and create their first patents in R&D departments as development engineers or scientists. They show the same characteristics regarding overtime and devotion to their work. Female researchers though commonly change their professional path when starting a family due to the demands of jobs in R&D and the difficulties of the compatibility of family and work. In conclusion it becomes obvious that parenthood influences the innovative performance of female inventors.
Results of the online survey regarding the participation of female inventors:
The options offered by organization for the compatibility of family and career resulting from the online survey are as follows: 75% of the respondents state that part-time is offered by their organization, 69% indicate flex-time, 45% home office whereas child day care facilities offered by organizations are only mentioned by 29% of the respondents. A wide difference can also be observed when asking by whom the children are being taken care of: 81% of the male researchers state that their spouses take care of the child whereas only 19% of the female researchers state this fact (figure 3). 
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Answers to our research question whether there were any gender-specific differences with regard to knowledge transfer during the innovation process show that women as well as men value informal communication and networking within their organization and project teams. Both regard the informal communication and networking as key to their professional success. As opposed to this, the importance of institutionalized meetings with participants during the invention process is very important to 19% of the homogeneous female teams while the other team constellations see this factor as less important (figure 4).
In our study, we found out that if there is a high proportion of part-time workforce the importance of formal communication through regular meetings rises. An increase of formal communication has positive impact on the integration of part-time employers as the randomness of information transfer is reduced. Fig. 4 . Importance of institionalized meetings, 100% corresponds to all interviewees of the respective subgroup
In our online survey, the number of men having children differs strongly from the number of children women have: while approximately half the female researchers have no children, 58% of the male researchers have 2-3 children. The question arises: do women drop out of the innovation process as soon as they become mother or do they remain childless for some reason or another. A glance at the child care situation described by the respondents of our online survey shows that 67% of the female scientists take/took parental leave, work parttime/in the Home Office while only 5% of the male scientists do so. Another important result in this context is the fact that 43% of the female researchers state that child care has a great influence on their innovativeness whereas only 13% of the male researchers feel this way. 
Conclusion and outlook
The results of our study show that in the current innovation environment within the R&D industry, organizations suffer from the lack of sustainability in their knowledge pool. Highly skilled workforces, mainly the female inventors, do not perform to the best of their innovative potential.
The suboptimal support in the area of child care reveals a direct effect on the inventors' innovativeness, especially for female researchers. It creates pressure, whereas this energy could be directed into innovative power provided the organization offered a higher support for childcare. In some cases, it was stated that both, family life and a professional career as a researcher, could not be combined due to inflexibility of the organization or lack of daycare. Several (female) researchers decided to completely drop out of the innovation environment and sought positions in marketing or public relations that were expected to easier allow work-life balance. As a consequence, the knowledge of these highly qualified researchers has left the organization's knowledge pool irretrievably.
Part-time work is offered by several organizations and undoubtedly a successful tool to encourage the integration of highly-qualified female researchers into the organization during parental leave and to prevent them from resigning. However, part-time work reduces the working hours of the female researchers and thereby the period of time that can be used for inventions as well as their participation in networking that are important with regard to knowledge transfer and knowledge generation.
What can an organization do to improve the tapping of their knowledge pool? First of all, management needs to raise an awareness of the importance of a sustainable knowledge pool within an organization. The knowledge that researchers acquired over years during their professional career clearly represents one of the organization's greatest assets. If a researcher leaves the organization or is not able to perform according to his or her optimal level, his or her knowledge leaves the organizational knowledge pool. Oftentimes, leaving the organization is regarded as inevitable by female researchers, when they enter the family phase. Hence, measures such as support for child daycare and flexible work time regulations offered by the organization help the inventors to stay within the organization and focus on their actual research. It is therefore a key to build an organization that understands the needs of its employees and actively sets measures that support the inventors in managing their work-life balance in order to retain the researchers, their knowledge and a sustainable knowledge pool in the organization.
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